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Triton X-100 extracts of cultured human epidermal 
cells exhibited proteolytic activity as measured by the 
hydrolysis of rlH]-casein at neutral pH. The majority of 
endogenous proteolytic activity was inhibited by para-
hydroxy mercur ibenzoate and by mersalyl acid, indicat-
ing the enzyme(s) was a thiol class proteinase (s)_ Crude 
Triton X-100 extracts were prepared from epidermal 
cells following labeling of proteins with 1251. Autodegra-
dation of labeled proteins at 37°C was detected as early 
as 1 hr and reached a plateau level by 4 111'. Degradation 
~as inhibited by thiol class proteinase inhibitors. Among 
the detergent-solubilized radiolabeled proteins a poly-
peptide cha in of M,- 155,000 was particularly sensitive to 
d egradation by endogenous thiol proteinase(s). 
T h e major well-characterized neutral proteinases of skin ar e 
trypsin-like and chy motrypsin -like serine proteinases [1,2] (for 
review see [3,4]) . Recently these proteinases have been localized 
in the dermis [5]. Thiol class proteinases have also been iden-
tifi ed in human skin [1 ,6,7] a nd ther e is a thiol proteinase 
inhibitor found in skin [7,8]. The r ole of these proteinases a nd 
t h e ir inhibi tors in epidermal cell physiology is not known. In 
a ddition, little is known concerning the role of these proteinases 
in epiderma l pat hology. For example, it has been suggested that 
e pidermal acant holysis in pemphigus is th e result of proteolytic 
degradation of molecules med iating cellular adhesion wi t hin 
t h e epidermis [9-11]. These may include as yet unidentified cell 
s UJ'face structures. Wheth er the enzyme (s) involved is a con-
stituent of all epidermis or is induced upon binding of pe mphi-
g u s antibody is not known. The enzyme (s) h as not been isolated 
01' characterized . In order to investigate th e pathologic mech a -
nism of diseases such as pemphigus which involve proteolysis, 
it is important to have a better understanding of the proteinases 
normally found within the epidermis and potential substrates 
for these proteinases. 
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BSA: bovine serum albumin 
OFP: diisopropyllluoJ'ophosphate 
DMEM: Dulbccco's modified Eagle's medium 
DTT: di thiothreitol 
E-CSP: epideJ'mal cell surface pJ'oteins 
EDTA: ethylenediaminetetJ'aacetic acid 
LBT!: lima bean trypsin inhibitoJ' 
MER mersalyl acid 
PBS: phosphate-buffered saline 
PCMB: p-hyd J'oxymercmibenzoate 
SBT!: soybean trypsin inhibi to J' 
SDS-PAGE: sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis 
TCA: trichloroacetic ac id 
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We report the results of studies designed to iden t ify human 
epidermal cell proteinases th at are capable of degrading cell 
sUl'face constituen ts of huma n epidermal cells. Two technical 
advances introduced in the last decade have made this approach 
possible. The fi.rst is the use of lactoperoxidase to catalyze the 
iodinat ion of cell sUl'face macromolecules; this method catalyzes 
th e iodination of accessible tyrosine a nd possibly h istidine 
r esidues when used in the presence of hy cL'ogen peroxide. The 
reaction requi.res close contact between th e enzyme and its 
substrate. When la beling viable cells, this feature strongly fa-
vors la beling of t he cell surface molecules because lactoperoxi-
dase is a large molecule which cannot diffuse into the cell. The 
application of the lactoperoxidase technique as a standard 
method for a nalysis of cell surface macromolecul es has been 
discussed elsewh ere [12-15]. Second, advances in epiderma l cell 
culture provide material from which epidermal constituents 
m ay be isolated in the a bsen ce of dermal constituen ts. We 
report th e ident ification of a thiol proteina e in human keratin-
ocytes t hat is capable of degrading epidermal surface proteins 
labeled by the lactoperoxidase technique. Lactoperoxidase la-
beled epidermal cell surface protein may serve as a useful 
substrate to study th e proteolytic m ech anisms involved in loss 
of cellular adhesion. 
MATERIALS AND METHODS 
Ep':denl/.al Cell Cultures 
Human epidermal cells from newborn foreskin were cul tured using 
a modification of the technique of Rheinwald and Green [1 6]. Ti sue 
was obtained within 3 hI' of circumcision and incubated briefly in 
antibiotic- and antimycotic-containing medium. AfteJ' removal of fatly 
ti 'sue, the foreskin was placed epidermal side down in 0.25% trypsin 
(Sigma, St. Lou is, Missomi) in Hanks' balanced salt, solution (G IBCO, 
GJ'and Island, New York) and incubated at 4°C for 18-24 hr. The 
epidermis was then easily J'emoved fTom the dermis, teased with forceps 
to obtain a single cell suspension, and fLltered through nylon mesh. The 
cells were plated into 75-cm" tissue culture flasks (l X 10" ceUs per 
flask) that had been seeded with mytomycin C-treated (Sigma, 15 p.g/ 
ml ,2 hI', 37°C) mouse 3'1'3 fibroblasts (CCL 92, American Type Culture 
Collection, Rockville, Maryland) . Epidermal ce Lis were grown in Dul-
becco's modified Eagle's medium (OMEM) (B and B Research Labs, 
BaltimoJ'e, Maryland), supplemented with fetal calf serum (GlBCO) to 
a final concentration 0[20%, 20 ng/ml epidermal growth factor (Collab-
orative Re earch, Waltham, Massachusetts), 0.4 p.g/ ml hydrocortisone 
(Calbiochem-Behring, La Jolla, California), lO- II' M cholera toxin 
( chwartz-Mann, Orangeburg, New York) , 100 V/ ml penicillin and 100 
p.g/ ml streptomycin (GIBCO). Cul tmes were 70-90% confluent within 
2-3 weeks. 
Radiola.beling of Epider1l/.a.l Cell" 
Tyrosine-containing epideJ'mal cell sUJ'face proteins (E-CSP) were 
labeled with '""I using the lactoperoxidase technique [14 ,15]' Before 
labeling, 3T3 cells were removed following a brief incu bation with 0.02% 
ethylenediaminetetraacetic acid (EDTA) [16]. Each 75-cm" tissue cul-
ture flask (70-80% confluent) was washed 5 times with warm phosphate-
buffered saline (PBS) , pH 7.2, and incubated with 1.6 mCi canier-free 
sodium (' ""1) iodide (New E ngland Nuclear, Boston, Massachuset.ts) in 
4 lTil PBS with 0.16 mg lactoperoxidase (Calbiochem-BeI1l'ing) at room 
temperature. Ten microliters of 8.8 mM H20 2 was added at the begin-
ning of the incubation and at 3-min intervals thereafter (i.e. , 3 min, 6 
min, 9 .min). The reaction was stopped afteJ' 10 min by washing the 
cells 5 times with warm PB . T he labeled cells were then incubated in 
4 ml DMEM at 37°C for 30 min. 
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Preparation of Cell Extracts 
Radiolabeled epidermal cells adherent to 75-cm2 tissue culture flasks 
were exposed for 3-5 min at 4°C to 1% Triton X-IOO (v/v, Sigma) in 
Tris buffer, pH 7.8 [0.01 M Tris-HCl (Sigma) , 0.01 M 2-mercaptoethanol 
(Sigma), 0.01 M MgCb (Sigma)]. Supernatan ts containing detergent-
solubilized cellular proteins were collected and centrifu ged at 6,500 X 
g in an Eppendorf microfuge Model 54 1.3 (Brinkman Instruments, 
Westbury, New York) to remove insoluble material. A "minicolumn" 
of Sephadex G-25 (1 mIl (P harmacia, P iscataway, New Jersey) was 
prepared in a 1.5-ml polypropylene microfuge tube as described by 
Tuszynski et al [17]. The detergent-solubilized cellular extract was 
centrifuged over the minicolumn at 200 x g for 1 min to remove free 
iodine. Unless otherwise indicated this material was used in the exper-
iments described. 
In some experiments whole cell extracts were used. '25I-labeled 
epidermal cells were scraped from the flask using a rubber policema n, 
frozen and thawed 5 times, and solubi lized in the Rod ium dodecyl 
sulfate-polyacrylamide gel (SDS-PAGE) sample buffer. 
Autodegradation of E-CSP 
Autodegradation of E-CSP was quantitated by measuring the pro-
duction of radiolabeled trichloroacetic ac id (TCA)-soluble peptides 
during incubation of Triton X-IOO extracts of labeled cells at 37°C. Five 
microliters ofTris buffer (0.9 M Tris-HCI, pH 7.2, Sigma) and 5 III water 
were incubated at 37°C with 20 III '·"I-labeled epidermal cell extracts 
(approximately 10,000 cpm) in a 0.4-ml polypropylene microfuge tube 
(Brinkman Instruments) for varying time periods up to 8 hr. Following 
incubation, 70 III of a 50 mg/ml bovine serum albumin (BSA) solution 
was added to each tube as a carrier protein. One hundred micl"Oliters of 
a solution of 6% T CA (Sigma) was added to each tube and the resulting 
precipi tate was pelleted at 6,500 X g in a microfuge. One hundred 
microliters of the supernatant was removed from each tube and counted 
in a Beckman Gamma 4000 gamma counter (Beckman Instruments, 
Fullerton, California) . In some experiments, the 5 III of water in t he 
assay mixture was replaced by 5 III of a solution of proteinase inhibitor. 
Except where indicated, the pH of the reaction mixture was 7.2. 
Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis 
SDS-PAGE was carried out in slab gels using a 17.5% polyacrylamide 
running gel and a 5% polyacrylamide stacking gel prepared as described 
by Anderson et al [18]. Concentrated sample buffer was added to 
aliquots of 125I-labeled epidermal cell extracts to give a final concentra-
tion of 0.06 M Tris, pH 6.8; 0.1 M dithiothTeito l (DTT, Bio-R ad Labo-
ratories, Richmond, California); 2.3% SDS (w lv, Bio-Rad) ; 10% glycerol 
(v/ v) and 0.005% Bromphenyl Blue (Bio-Rad), and heated at 100°C for 
3 min. Samples were electrophoresed at constant voltage (100 V) until 
the marker dye approached the bot tom of the gel, 4-8 hr. Gels were 
stained with 0.25% Coomassie Blue (Bio-Rad) in metha nol:acetic 
acid:distilled water (5:1:5); destained in methanol:acetic acid:water 
(5:1:5); and dried by vacuum onto Whatman 3-mm paper (Whatman, 
Ltd., England) . After drying, gels were subjected to autoradiography 
using Kodak X-Omat R film (Eastman Kodak, Rochester, New York) 
and a Ligh tning P lus intensifying screen (E.!. duPont de Nemours & 
Co., Wilmington, Delaware). -ExposuTes of 12- 48 111" were J"Outinely used. 
Measurement of Proteinase A ctivity Using e HJ-Casein as Substrate 
["H)-Casein was prepared according to Levine et al [19). Briefly, a 
casein solution (5 ml, 50 mg/ml) was dia lized to 0.1 M phosphate, 0.05 
M sodium acetate, pH 7.4 . [' H]-Acetic anhydride (New England Nu-
clear, 25 mCi, 400 Ci/Ilmol) was added to the casein solution with 
vigorous mixing. After incubation at 4°C for 1 hr, the acetylated sample 
was dialized exhaustively against 10 mM phosphate buffer, pH 7.0, at 
4°C. Five microliters of Tris buffer (0.9 M Tris-HCl, pH 7.2), 5 III of 
water, and 30 III of sample were incubated at 37°C with 20 III of ["H]-
casein (approximately 200,000 cpm) in O.4-mI polypropylene microfuge 
tubes for 2 hr. Following incubation, 40 III of a 50 mg/ml BSA solution 
was added to each tube as carrier protein. One hundred microliters of 
a solu tion of 6% TCA was added to each tube and the resulting 
precipi tate was peUeted at 6,500 x g in a microfuge. One hundred 
microliters of t he supernatant was removed from each tube and counted 
in an Intertechnique liquid s~intillation counter (Kontron Ltd ., Zurich , 
Switzerland). 
In some experiments, the 5 III of water in the assay mixture was 
replaced by 5 /11 of a solu tion of proteinase inhibitor. Except where 
indicated, the pH of the reaction mixture was 7.2. 
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Proteinase Inhibitors and Other Chemicals 
The following reagents were used where indicated:"lima bean trypsin 
inhibitor (LBTI, Sigma) , soybean trypsin inhibitor (SBTI, Sigma) , 
diisopropy\ fluorophosphate (DFP, Aldrich Chemical Co., Inc. , Milwau-
kee, Wisconsin), iodoacetic acid (Aldrich) , p -hydroxymercmibenzoate 
(pCMB, Sigma) , mersalyl acid (MER, Sigma), EDTA (disodium salt, 
Mallinkrodt, Paris, Kentucky) . 
RESULTS 
Autodegradation of Epidermal Cell Surface Proteins 
(E -CSP) 
Cultured human epidermal cells were labeled with 12"1 and 
extracts were prepared using T riton X-IOO. Degradation of 
labeled proteins at 37°C was quantitated by following the 
release of TCA-soluble radiolabeled peptides when cell extracts 
were incubated for up to 8 hr at 37°C. ~dentical samples were 
incubated for the sam_e p e.i·iod 'of time at 4°G and the values 
obtained at 4°C were subtracted from those obtained at 37°C. 
Fig 1 shows the time course of autodegradation of E-CSP at 
37°C. Degradation increased linearly, reaching a plateau of 
approximately 16% by 4 hr. AutodegJ;adation was measured 
over a range of pH from 2.5-9 in order to determine ... the 
optimum pH for autodegradative activity; As can be seen in Fig 
2, there was minimal hydrolysis of E -CSP at pH 4.0. This 
probably reflects degradation of the substrate by lysosomal 
enzymes. The major peak of activity OCCUlTed in the neutral 
and slightly alkaline pH range. Assays were not conducted 
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FIG 1. Time course of autodegradation of E-CSP. Five microliters 
of Tris buffer and 5 III water were incubated· at 37°C With 20 III '251_ 
labeled epidermal cell extracts (approximately 10,0.0.0 cpm) for varying 
time periods up to 8 h.r. Following incubation, 70'].!1 of a 50 mg/ m l BSA 
solution was added to each tube as a carri~r protein, One hund.red 
microliters of a solution of 6% TCA was added to each tub.e and the 
resulting precipitate was pelle ted at 6,500 X g in an Eppendorf micro-
fuge, Model 5413. One hundred microliters of the supernatant was 
removed from each tube a nd counted in a gamma counter . Assays were 
performed in triplicate; vertical ba.rs indicate standard deviation . 
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FIG 2. Autodegrada tion of E-CSP over a range of pH. Assays were 
per formed in triplicate and error bars indicate standard deviation. 
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above pH 9.0 because of the possibility of denaturation of 
protein and alkaline hydrblysis. 
Inhibition of Autodegradation 
In order to characterize' the class of proteinase(s) responsible 
for autodegradation, the assay was performed in the presence 
of a variety of proteinase inhibitors and the results are shown 
in Fig 3. p-hydroxymercuribenzoate (0.1 mM), an inhibitor of 
thiol proteinases, inhibited 90% of the autodegradation detected 
in the control samples in the absence of proteinase inhibitors. 
Iodoacetic acid (1 mM) , another inhibitor of thiol proteinases, 
inhibited approximately 30%. DFP (0.1 mM) , an inhibitor of 
serine class proteinases, had no effect ona utodegradation. SBTI 
(200 /-lg/ m1) and LBTI (4 /-lg/ml) .and EDTA (1 mM) , an 
inhibitor of metallo enzymes, likewise 'had no effect. These data 
indicate that the majority of autodegrauative activity in human 
epidermal cells is the result of thiol proteinase(s) . 
Visualization of Autodegradation by SDS-PAGE 
The SDS-PAGE pattern of Triton-solubilized labeled E-CSP 
is presented in the far left lane (0) of Fig 4. In order to show 
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FIG 3. Autodegradation of E-CSP in the presence of proteinase 
inhibitors. The enzymatic assay was performed in the presence of the 
fo llowing inhibito rs at the final concentrations shown: PCMB, 0.01 mM; 
iodoacetic ac id (1000) 1 mM; SBTI, 200 Ilg/ml; LBTI, 4 Ilg/m1; DFP, 
0.1 mM; EDTA, 1 mM. Assays were performed in triplicate and vertical 
bars i.ndicate standard deviation. 
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FIG 4. Autoradiogra m of SDS-PAGE (slab) of E-CSP incubated at 
37°C for up to 24 hr. CeLIs had been in culture fo r 6 weeks. 
t hat the Triton extraction procedure resulted in the solubiliza-
tion of all labeled E-CSP, we also prepared whole cell extracts 
which were not treated with Triton but were solubilized directly 
in SDS-PAGE sample buffer. The SDS-PAGE patterns ob-
tained using cells not treated with Triton were similar to those 
observed using Triton extracts. This indicates that there were 
no Triton-induced artifacts. Using the Triton-extracted E-CSP, 
.there was a consistent, time-dependent disappearance of at 
least one 12&I-labeled protein band at M ,. 155,000 (Fig 4). 
Tl'iton extracts of labeled epidermal cells were incubated at 
37°C for 24 hr at pH 7.2 in the presence of proteinase inhibitors, 
and analyzed by electrophoresis and autoradiography. Fig 5 
shows the gel patterns obtained. In the absence of proteinase 
inhibitors, the 155,000 Mr band disappeared. Inclusion ofPCMB 
(0.1 mM final concentration) or iodoacetic acid (1 n1M) in the 
reaction mixture prevented the disappearance of this band. 
DFP (0.1 mM) and LBTI (4 /-lg/ ml) did not prevent hydrolysis 
of the 155,000 Mr band; a minimal residual amount of this 
. 0 24 P I 0 L P+D 
~155K 
~94K 
~SlK 
FIG 5. Autoradiogram ofSDS-PAGE (slab) ofE-CSP at 0 t ime (far 
left) or incubated fo r 24 hr at 37°C (secon.d from left). Aliquots of E -
CSP were incubated for 24 hI' at 37°C with proteinase inhibi tors at the 
concentrations shown and then electrophoresed: PCMB (P), 0.1 mM; 
iodoacetate (l), 1 mM; DFP (D), 0.1 mM; LBTI (L), 4 Ilg/ ml, or P+D. 
Cells had been in culture fo r 3 weeks. 
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FIG 6. Hydrolysis of ["H]-casein by epidermal cell extracts. Extracts 
of epiderma l cells were tested for their a bility to hydrolyze ["H)-casein 
in the presence or a bsence of proteinase inhibitors or a proteinase 
activator at the concentrations indicated. PCMB, 0.1 mM ; MER , 1 mM' 
LBTI,4 Ilg/ ml; SBTI, 200 Ilg/ml; DTT, 0.1 mM. Assays were performed 
in triplica te and vertica.l bars indicate standard deviation. 
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protein is seen in the 24-h.r incubation without inhibitors as 
well as in the incubations containing DFP and LBTI. The gel 
patterns presented in Figs 4 and 5 are slightly different, espe-
cially in the molecular weight range of 30,000 to 45,000. Expres-
sion of some of the bands in this area is dependent upon the 
duration of time the cells are in culture. Inhibitor results 
identical to those presented were observed on at least 4 different 
occasions in cell cultures of different ages. 
Hydrolysis of { lHJ-Casein by Epidermal Cell Extracts 
Detergent-soluble cell extracts prepared from nonlabeled ep-
idermal cells were tested for their ability to hydrolyze [~H]­
casein over a pH range of 5.0-9.0. Optimum levels of proteolysis 
were detected at neutral or slightly alkaline pH (data not 
shown). As seen in Fig 6, at pH 7.2 approximately 65% of the 
caseinolysis activity of a detergent extract of human epidermal 
cells was inhibited by the thiol proteinase inhibitor, PCMB (0.1 
mM). Similarly, MER (1 mM), another thiol proteinase inhibi-
tor, blocked 80% of the caseinolytic activity. In the presence of 
dithiothreitol (0.1 mM), an activator of thiol proteinases, there 
was a slight enhancement of caseinolytic activity. LBTI (4 !J.g/ 
ml) and SBTI (200 !J.g/ml) had no effect. 
DISCUSSION 
This communication describes the development of an assay 
that can be used to monitor degradation of epidermal cell 
surface macromolecules. Using this assay in the presence of 
proteinase inhibitors, we determined that the majority of au-
todegradative proteinase activity detected in Triton X-100 ex-
tracts in cultured human epidermal cells was the result of thiol 
proteinase(s). In addition, using [:)H]-casein as a nonspecific 
proteinase substrate, we observed that the majority of the 
endogenous caseinolytic activity extracted from cultured hu-
man epidermal cells at pH 7.2, using Triton X-lOO, is of the 
thiol class. These data are in agreement with those of Fraki, 
who determined that the majority of neutral proteinase activity 
isolated from KBr-separated human epidermis extractable in 
low salt concentrations (0.01 M sodium phosphate, pH 7.0) is 
the result of thiol proteinase (s) (J. Fraki, unpublished results). 
SDS-PAGE confirmed oUT observations and indicated that the 
autodegradation of cell surface proteins was highly specific. 
The disappearance of 1 protein band of M,, 155,000 was detected 
by SDS-PAGE following incubation of cell extracts at 37°C for 
24 hr. The molecular weight of this band is similar to one 
reported by Zhu et al [20]. The failure to detect epidermal 
serine class proteolytic activity as reported by other investiga-
tors (for review see [4]), might be due to t he presence of 
endogenous serine proteinase inhibitor(s) present in Triton X-
100-treated cell extracts. 
It has been suggested that loss of adhesion of epidermal cells 
in pemphigus is the result of proteinase(s) activated by the 
binding of pemphigus autoantibodies. It is conceivable that 
pemphigus antibody-induced proteinase(s) alters adhesion by 
proteolys!s of molecules ",:,hich mediate epidermal cell adhesion; 
t he protemase then prOVIdes a valuable tool for the identifica-
tion of adhesion proteins of epidermal celJs using the assays 
described h ere. 
In addition, the data we have presented implicating thiol 
proteinase (s) in the autodegradation of detergent-extracted cell 
surface proteins are of great importance to those investigating 
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cell surface proteins and glycoproteins. It is common practice 
during cell extraction to add phenylmethylsulfonylfluoride, an 
inhibitor of serine class proteinases, to prevent autodegradation. 
The addition of a thiol proteinase inhibitor as well might be 
prudent. 
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